Abstract Background: The aim of this study was to compare multiple ultrasound parameters in diagnosing patients with severe obstructive sleep apnea syndrome (OSAS). Methods: A submental ultrasonography was performed to measure the distance between the lingual arteries, the diameter of the retropalatal space in the transverse dimension, and the tongue base thickness in the sagittal plane. The diameter of the retropalatal space and tongue base thickness were measured in the resting state and under Müller's maneuver. Analyses were based on the means of the triplicate measurements and the severity of OSAS. Results: Based on ultrasound data, patients with severe OSAS had a significantly larger mean tongue base thickness in the resting state and under Müller's maneuver and a larger mean distance between the lingual arteries. The mean tongue base thickness (!60 mm, odds ratio 5.18; 1.07e25.0) is the sole independent predictor for severe OSAS. The resting tongue base thickness (!60 mm) had a diagnostic performance of 84.9% sensitivity, 59.3% specificity, 75.0% positive predictive value, 72.7% negative predictive value, and 74.2% accuracy for severe OSAS. Conclusion: Submental ultrasonography is a noninvasive, convenient, and effective tool in diagnosing severe OSAS. ª
Introduction
Sleep-disordered breathing is becoming more common and it is related to increased morbidity and mortality in the general population [1] . According to previous literature reports, 9% of women and 24% of men have sleepdisordered breathing [2] .
Obstructive sleep apnea syndrome (OSAS) is independently associated with increased carotid intima-media thickness and plaque, which could increase future cardiovascular disease risk [3e5] .
The management of OSAS is not easy to assess. It involves specialist referrals, and the diagnosis and grading of OSAS depends on polysomnography data that can only be collected after an overnight examination [6] . When the ApneaeHypopnea Index (AHI) or Respiratory Disturbance Index contains >30 events/h, it is classified as severe OSAS [7] . Severe OSAS increases the risk of cardiovascular disease, and it is indicative of the need for further treatment. Surgical treatment or positive pressure during sleep can decrease the AHI, minimum and mean oxygen saturation, blood pressure, and carotid intima-media thickness, which can attenuate the risk of morbidity and mortality [8e10] .
Due to the convenience, inexpensiveness, nonirradiation, and office-based procedure, an increasing number of ear, nose, and throat specialists use ultrasonography (US) to examine the neck [11] . US has been most Figure 1 Submental ultrasonograms to delineate various ultrasound parameters in diagnosing severe obstructive sleep apnea syndrome. (A) Lingeal arteries (dotted circles) were shown by Power Doppler scan on both sides of lower lateral border of tongue base. Distance between lingual arteries (DLA) was measured; (B) transverse diameter of rectropalatal pharynx (RPD) in resting and (C) under Müller's maneuver; (D) mid-tongue base thickness (TBT) in resting and (E) under Müller's maneuver. Other markings were seen as following: mucosa covering of tongue (whitish arrows), and geniohyoid muscle (GH), mylohyoid muscle (MH), genoidglossus muscle (GG), and acoustic shadow (AS) reflecting the mandible body (M) or hyoid bone (H). frequently used to examine neck lumps, such as thyroid nodules, lymphadenopathy, or salivary gland tumors [12e16] . US can also guide fine-needle aspiration or coreneedle biopsy for neck masses [17] . For sleep disorder patients, US has been used to evaluate the carotid intimamedia thickness and level of obstruction in recent years [3,4,8,18e20 ]. Lahav et al [15] first used a tongue base US to measure the width of the tongue base, and demonstrated the possible role of US in diagnosing OSAS. Shu et al [19] used the retropharyngeal diameter to determine the severity of OSAS, and proposed a prediction model. Chen et al [20] verified the tongue base thickness, which also provides a quantitative assessment of the retroglossal airway. These reports show a promising role for US in diagnosing OSAS.
Although these US parameters were previously reported for sleep disorder evaluation, no external validation has been conducted. The aim of this study was to validate multiple US parameters in evaluating OSAS patients.
Material and methods

Patients and US
This was a prospective study which was approved by an Institutional Review Board (103066-E) and informed consent was obtained from all patients. Patients came to our clinic with a main complaint of snoring, and they received an overnight polysomnography examination and neck US. Demographic data and the Epworth sleepiness score was assessed and recorded. Submental US was performed by a head and neck surgeon who is experienced in neck US. The patients were scanned with a Toshiba Aplio 500 Platinum platform (Otaward, Japan) using a 1e6-MHz convex transducer. We conducted triplicate measurements of the distance between lingual arteries (DLA), the diameter of retropalatal space (RPD) in the transverse dimension, and tongue base thickness in the sagittal plane (Figures 1AeE). The scanning was carried out according to previous reports [18e20]. Analyses were based on the means of the three measurements. The RPD and tongue base thickness were measured during the resting state and under Müller's maneuver. The definition of severe OSAS was Respiratory Disturbance Index !30.
Statistical analysis
Continuous data were expressed as the mean AE standard deviation. Categorical data were expressed as a number and percentage. Means were compared using an unpaired Student t test, and categorical data were compared with the Pearson's Chi-square test. The association between predictors and severe OSAS was analyzed using the receiver operating characteristic curve method. An optimal cutoff point was determined at the point of greatest "sensitivity" with the corresponding smallest "1-specificity" [21] . A logistic regression was further used to test significant ultrasonographic predictors for severe OSAS. A value of p < 0.05 was accepted as statistically significant. All statistical analyses were accomplished using Stata software, version 12.0 (Stata Corp LP, College Station, TX, USA).
Results
From January 2015 to January 2016, a total of 66 patients with the main complaint of snoring and suspected to have OSAS were enrolled, including nine women and 57 men. Their ages ranged from 20 years to 67 years with a mean of 42. 8 Receiver operating characteristic curve analysis was used to determine the significant US predictors for severe OSAS that are listed in Table 1 . The results are shown in Table 2 and Figure 2 . The area under the receiver operating characteristic curve for the mean resting tongue base thickness, Müller's tongue base thickness, and DLA were 0.74 (95% confidence interval: 0.61e0.87), 0.68 (0.55e0.80), and 0.69 (0.55e0.83), respectively (all p < 0.05). The best cutoff point for mean resting tongue base thickness was 60 mm with 84.9% sensitivity, 59.3% specificity, 75.0% positive predictive value (PPV), 72.7% negative predictive value (NPV), and 74.2% overall accuracy. The best cutoff point for mean tongue base thickness in Müller's maneuver was 63.5 mm with 59.0 % sensitivity, 77.8 % specificity, 79.3% PPV, 56.8% NPV, and 66.7 % overall accuracy. The best cutoff point for mean DLA was 30 mm with 66.7% sensitivity, 59.3% specificity, 70.3% PPV, 55.2% NPV, and 63.6% overall accuracy, respectively.
The results of logistic regression are shown in Table 3 . Based on the univariate logistic regression data, the mean resting tongue base thickness [!60 mm, odds ratio (OR) 8.0; 95% confidence interval 2.5e25.2], the mean tongue base thickness in Müller's maneuver (!63.5 mm, OR 5.0; 1.7e15.2), and the mean DLA (!30 mm, OR 2.91; 1.05e8.0) were significant predictors of severe OSAS. After multivariate logistic regression, the mean resting tongue base thickness (!60 mm, OR 5.18; 1.07e25.0) was the sole independent predictor for severe OSAS.
Discussion
Our results support the hypothesis that ultrasonic tongue base thickness is an independent predictor for severe OSAS. With the cutoff point as 60 mm, submental US has 84.9% sensitivity, 59.3% specificity, 75.0% PPV, 72.7% NPV, and 74.2% overall accuracy to diagnose severe OSAS. An US measurement of the tongue base thickness provides an effective assessment of the retroglossal airway in sleeprelated disorders with minimal invasiveness and easy accessibility.
Lahav et al [18] first used US to determine the width of the tongue base for sleep disorder breathing patients. They concluded that when DLA exceeded 30 mm, the risk of moderate to severe OSAS increased significantly. Our results show that with the cutoff point of 30 mm for DLA, the sensitivity, specificity, PPV, NPV, and accuracy were 66.7%, Figure 2 Receiver operator characteristic curve analysis of significant ultrasound predictors for severe obstructive sleep apnea syndrome. The area under the receiver operator characteristic curve for mean resting tongue base thickness (TBT), Müller's TBT, and DLA were 0.74 (95% confidence interval: 0.61e0.87), 0.68 (0.55e0.80), and 0.69 (0.55e0.83), respectively. 59.3%, 70.3%, 55.2%, and 63.6%, respectively. The DLA could be correlated with the width of tongue base and reflect the severity of OSAS. The lingual arteries are superficial to the retropalatal space and they are easier to assess. Shu et al [19] reported that a change of Müller's RPD was an independent predictor of severe OSAS, and they proposed a prediction model combined with neck circumference and a decreased proportion of Müller's RPD. In our study, the RPD and reduced proportion of Müller's RPD were not different for these two groups. In our experience, the image of retropharyngeal space was difficult to capture with the currently used US probe. Cheng et al [20] reported that tongue base thickness could be an important anatomic factor in airway narrowing in patients with OSAS, and he emphasized the dynamic change under Müller's maneuver. In our study, with a cutoff point of 60 mm, the tongue base thickness had a better diagnostic performance to diagnose severe OSAS. However, in our study, the tongue base thickness under Müller's maneuver had some variations; some patients had elongated but others displayed shortened tongue base thickness. After logistic regression, the tongue base thickness (!60 mm) was the sole independent predictor for severe OSAS. For consistency and feasibility, we suggest using the tongue base thickness parameter (!60 mm) to screen for severe OSAS.
Moreover, patients with OSAS also had a higher proportion of hypertension that could increase their risk of cardiovascular disease (Table 1) . These results highlight the importance of intervention for these patients. In one recent report, surgery for OSAS was demonstrated to improve the AHI, minimum and mean oxygen saturation, blood pressure, triglyceride, total cholesterol, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol, which can also decrease carotid intima-media thickness [8] .
Our study has some limitations: firstly, the number of recruited patients was limited. Secondly, the patients were awake during the exam; therefore, they did not fully mimic their sleeping condition. Furthermore, a sleep-induced US could be more potent for the evaluation of OSAS patients. Thirdly, the obstructive level was varied, but we only analyzed the retroglossal level. We did not routinely use acoustic rhinomanometry for these patients; therefore, nasal airway obstruction was not recorded. Fourthly, the treatment effect of OSAS was not followed by an US; thus, the difference in these US parameters need to be evaluated in the future.
In conclusion, submental US is a safe, convenient, and effective tool in diagnosing OSAS.
